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Fuel LIT Bentonite/RN Emplacement

Precompacted rings of
FEBEX bentonite:

— Outer diameter: 82mm
— Inner diameter: 43mm
— Dry density: 1.65Mg/m3
— Gravimetric water
content:~14%

2 Total Pressure
cells + piezometer
in each packer face

Tracers in glass vials:
Ni-doped synthetic
montmorillonite, AGA
and RN:Ca-45,Se-75,Tc-
99,Cs-137, U-233,Am-241,Pu-

242,Np-237
‘
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Rapid Bentonite Saturation and

Fuel .
- " Stable Swelling Pressures
Disposition 9
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Electrical Turbidity Concentration

Eh (mV)

pH ()

Used

Fuel LIT Near-Field Monitoring
Disposition
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Used Other Dipoles Screened for
Fuel Potential Migration Tests in
Disposition Parallel with LIT
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Used N
Fuel CFM Opportunities
Disposition

B Modeling of Bentonite Swelling and Erosion (Colloid Generation) is a Gap
B Bentonite plug will remain in place for at least another year
— Conservative tracer is migrating (including low signal at tunnel wall)
— Colloids and radionuclides have signals not definitively detected, but could increase
B Additional colloid-RN migration tests being considered in dipoles
— Inject colloids with adsorbed radionuclides that have passed through a column?
— Reinject concentrated effluent from a migration test for a 2" pass?
— “Aged” RN-colloid suspensions?
B Plug will be overcored in 1-2 years — detailed post mortem opportunities
B Discussion about conducting an “in-rock erosion test” — modeling needed!
— Simplied bentonite emplacement test focusing on erosion — no tracers or radionuclides
— New borehole(s) in high-flow fracture or shear zone
— Induce much faster flow than LIT to promote erosion
B Greater appreciation by partners to tie results to PA
— Time and distance scaling
— What does it take to make system fail?

B Always a need for complementary lab experiments

6/10/2015 International Session
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Used
Fuel Crystalline Disposal R&D Work Packages

Disposition

B Objectives

— Advance our understanding of long-term disposal of
used fuel in crystalline rocks;

— Develop experimental and computational capabilities to
evaluate various disposal concepts in such media.
B Focus on two key components of deep geologic
repository in crystalline rocks

— Better characterization and understanding of fractured
media and fluid flow and transport in such media

— Designing effective engineered barrier systems for
waste isolation

B Fully leverage international collaborations
— Korean Atomic Energy Research Institute

Waste Package

— Aspo6 Hard Rock Laboratory (Sweden) e S oo
— Bedrichov Tunnel Tests (Czech) :
— Colloid Formation & Migration Project (Switzerland)
— Others

Institutions involved: ANL, LANL, LBNL, LLNL, SNL



http://www.bbc.com/news/uk-england-cumbria-21253673



Used Experimental & modeling activities for

Fgel .. used fuel disposition in crystalline rocks
Disposition
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Used KAERI Underground Research

Fuel
Disposition Tunnel (KURT)

B SNL and KAERI have developed a multi-
year plan for joint field testing and
modeling crystalline disposal media.

B Work currently planned includes three
tasks:

— Streaming potential (SP) testing
— Sharing KURT site characterization data
— Technique development for in-situ borehole

characterization.
B Status updates

— Received site characterization data

1 > i L]

— Received a draft of report on Fhe o YV Y 7
development and demonstration of in-situ i 7 A
borehole measurements ' § ysie X

— Received a draft report on material D)) YS2e8 | ® .

. . . . - 110 ® 1o
specifications for Ca-bentonite (e.g. swelling vsoo s 5;'81 V7
pressure) y 7= o L2

— Received the first set of data on SP testing . |\

KP - 2003
— Placed a new contract on borehole trace DB : 2008-2010 Mt. Juk-0

testing (joint with Depp Borehole WP)
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Disposition

Streaming potential testing
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Used
Fuel

Disposition

Technical data and report exchange
under JFCS

1 USA 2 - Eng & Natl High-level radioactive waste management conference paper on iodide sorption and transport (anion | to ROK on November 24,
(Y. Wang) Systems uptake and transport in compacted clay materials) 2014
(Crystalline)
2 | USA 2 - Eng & Natl UFDC Discrete Fracture Model (DFM) tool and the continuum model to ROK on November 24,
(Y. Wang) Systems 2014
(Crystalline)
3 | USA 2 - Eng & Natl UFDC Report describing experimental and modeling tasks on thermal limits of bentonite (Ca and to ROK on November 24,
(Y. Wang) Systems Na) clays used in engineered barrier systems, with results that seem to indicate that the previously | 2014
(Crystalline) held belief of a limit of 100C can be raised or eliminated.
4 | USA 2 - Eng & Natl UFDC FY2014 Milestone Report that discusses R&D in engineered barrier systems, natural to ROK on November 24,
(Y. Wang) Systems systems considerations and reference case development for crystalline host rock repository 2014
(Crystalline) environment
5 | USA 2 - Eng & Natl UFDC FY2014 Milestone Report on thermodynamic data development for clays and cementitious | to ROK on November 24,
(Y. Wang) Systems materials 2014
(Crystalline)
6 | USA 2 — Eng & Natl UFDC Report describing development of a mixed potential model (MPM) for source term to ROK on November 24,
(Y. Wang) Systems (Fuel representation 2014
Degradation)
7 | ROK (S. Lee, H. | 2—Eng & Natl Fracture properties on two ROK research sites (granite and gneiss) including: to USA by May 1, 2015
Jung, G. Kim) Systems - Up to 500 m in depth where it is expected to be more fractured than in deeper crystalline
(Crystalline) environments, and
- 500-1000 m in depth where it is anticipated that the fracturing will be less than in shallower
environments
8 | ROK (S. Lee, H. | 2—-Eng & Natl Continued work at KAERI and KURT through the contract funded by UFDC through Sandia UFDC funding has been
Jung, G. Kim) Systems National Laboratories. One possibility is using the newly excavated tunnel in KURT for flow and sent to KURT
(Crystalline) transport testing in major water conductive fractures.
SP test report to SNL on
March 12, 2015
9 | ROK (S. Lee,H. | 2-Eng & Natl A report on properties of buffer material from KAERI based research in the ROK to USA on January 13,
Jung, G. Kim) Systems 2015
(Crystalline)
10 | ROK (S. Lee, H. | 2—-Eng & Natl Topographic data developed by the ROK to USA April 2015
Jung, G. Kim) Systems
(Crystalline)
11 | ROK (S. Lee, H. | 2-Eng & Natl Crystalline parameters gathered by the ROK including: to USA by May 1, 2015
Jung, G. Kim) Systems - Hydrologic properties such as K, T, etc.
(Crystalline) - Geochemical data (cation and anion data)
12 | ROK (H. Jung) 2 -Eng & Natl Concrete degradation experimental work at Wolsong site. Will send paper on gas generation to US | to USA June 2015
Systems from ROK
(Crystalline)
13 | USA (Y. Wang) | 2-Eng & Natl Experimental Program for Used Fuel Disposition in Crystalline rocks. Two “iodide” conference to ROK October 2015
Systems papers.
(Crystalline)
14 | ROK (H.Jung) | 2-Eng & Natl Unsaturated Zone Modeling Concept and Plan. Send to US for review to USA October 2015
Systems






Used _
Fuel General observations

Disposition

B Clear objectives are the key to the success
— KURT data for development reference cases
— KURT data for discrete fracture network model demonstration
— Development of site characterization techniques

B Need substantial commitment for actual technical work
— Funding for actual technical work
— [Face-to-face meeting
— Need stable and predictable funding

B Opportunities
— Newly extended tunnel
— In-situ Engineered Barrier System (EBS) testing program
— Fluid flow and transport in major fracture zones
— Inclusive & responsive
— Able to directly participate in experimental design





Used
Fuel

FY16 Work

Disposition

B Objectives

B Focus on two key components of deep geologic repository in crystalline
rocks

Advance our understanding of long-term disposal of used fuel in crystalline
rocks;

Develop experimental and computational capabilities to evaluate various
disposal concepts in such media.

Better characterization and understanding of fractured media and fluid flow

and transport in such media
Designing effective engineered barrier systems for waste isolation

B Fully leverage international collaborations

Korean Atomic Energy Research Institute

Aspo Hard Rock Laboratory (Sweden)

Bedrichov Tunnel Tests (Czech)

Colloid Formation & Migration Project (Switzerland)
Others

B Model development & integration

Integration with GDSA: PA model for crystalline media
Tangible outcomes (e.g. colloid formation & transport)
Model demonstration with actual data

B KURT

SP data interpretation & model development

Use KURT data for FCM and DFN demonstration

Initiate borehole tracer testing

Other opportunities (flow in major fracture zone, in-situ EBS testing)

Used Fuel Disposal in
Crystalline Rocks: Status and
FY14 Progress
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AFPENDIX A

RESEARCH & DEVELOPMENT (R&D) PLAN FOR USED FUEL
DISPOSAL IN CRYSTALLINE ROCKS

Note: This R&D plan is a vevition of an early developed R&D plan for narural

system evaluation and tool development (Wang, 20131 In rhis revision, the newly
added research ropics are indicated in red. The ropics that are no longer applicable
1o crvstalline vocks are indicared in gray

ALD  Objectives

The US. Department of Energy Office of Nuclear Energy. Office of Fuel Cyele
Technology established the Used Fuel Dispesition Campaign (UFDC) i fiscal year 2010
(FY10) to conduct the research and development (R&D) activities related to storage.
tramportation and disposal of used muclear fuel and lugh level muclear waste. The
Mission of the UFDC is

To ide alternatives and comduct schentific research and technology
development to enable sforage, ransporfation and disposal of used
micloar fiel and wastes gemerared by axtsting and funire mucloar fuel
cyclas.
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